Introduction
The expression of genes primarily depends on certain proteins called transcription factors, which bind to specific sequences in the upstream of the coding region of a gene. The binding sites for a given transcription factor are usually a short, fairly conserved region of ∼15bp. In order to fully understand the complex mechanism involved in the regulation of the genes, discovering motifs which correspond to the binding sites of transcription factors is a very important problem.
Microarray data provides vast measurements of gene expression at various experimental conditions, and efficiently using this information in the pattern discovery process is also a very challenging and important problem. A popular approach to this problem is to first cluster the genes according to their gene expressions obtained from several microarray experiments (e.g. a time series), and then find motifs which are common to the upstream region of genes in each of the clusters using established methods [5, 6, 3] . However, the clustering approach has inherent problems since not all genes in the cluster will possess a common motif. A more important problem is that genes may possess multiple motifs corresponding to different transcription factors, and clustering the set of genes into clusters beforehand may not allow such motifs to be found.
To overcome such problems, we present an efficient algorithm for detecting putative regulatory elements in the upstream DNA sequences of genes, using gene expression information obtained from microarray experiments, which does not require a pre-clustering step. Based on a generalized suffix tree, our algorithm looks for motif patterns whose appearance in the upstream region is most correlated with the expression levels of the genes. We are able to find the optimal pattern, in time linear in the total length of the upstream sequences considered.
Algorithm
Given a data set D ⊂ Σ * × R the string pattern regression problem for the substring pattern class is to find a string p which minimizes the mean squared error defined below:
where A branch-and-bound enumerative algorithm which optimally solves the string pattern regression problem for more general pattern classes was given in [1] . This work presents a linear time algorithm which optimally solves the problem for the substring pattern class. The data in our case is the promoter sequence of each gene (600bp taken from [7] ), paired with the log expression level ratio of the gene in a single microarray experiment. Assuming an additive model of expression, where the expression level of a gene is the sum of the contributions of several motifs, we are able to iterate the procedure, as in [2] , for finding multiple motifs which affect the level of gene expression.
Results
Results of computational experiments using the S. cerevisiae cell-cycle data [4] is given in Figure 1 . Our algorithm is at least 4 times faster than the branch-and-bound algorithm for 1 iteration. Furthermore, since the suffix tree structure can be reused for subsequent iterations, our algorithm can do almost 20 iterations for the time of 1 iteration with the branch-andbound algorithm. Our algorithm was also able to detect several known motifs.
